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ABSTRACT 

The collection of inseason salmon escapement data from the Noatak River is an 
important element for the effective management of the Kotzebue Sound 
commerci a1 chum sal mon (Oncorhynchus keta) f i shery. Hydroacoust i c counting, 
combined with gill net species apportionment techniques, was used to estimate 
daily upstream passage of chum salmon at Noatak River kilometer 45.2. Fish 
were counted on both banks of the river between 16 July and 3 September 1984 
and counts were apportioned to species over several days of counts. A total 
of 113,073 fish were estimated to have passed the study site. Test nets were 
monofilament set gill nets of two mesh sizes, 102 and 149 mm, and were fished 
at three locations, north bank, south bank, and midriver. Test-fi shing 
results indicated a significant difference in species proportions between the 
three locations so sonar counts were apportioned separately for the three 
locations. A total of 44,182 chum salmon and 68,891 other species were 
estimated to have passed the study site. The mean date of chum salmon 
migration as estimated from sonar counts was 31 July which differed from the 
mean date calculated from Noatak River test-net indices which occurred on 4 
August. Seasonal trends in chum salmon abundance were general ly simi 1 ar when 
sonar counts, commercial fishery catch per unit effort (CPUE), and test-net 
CPUE were compared. The sonar-estimated chum salmon escapement of 44,182 was 
significantly different from the estimate obtained from a post-season aerial 
count of 67,873 conducted on Noatak River chum salmon spawning grounds. 
Potential sources of error in the estimates of fish passage and species 
apportionment are discussed and recommendations for further study are 
offered. 

KEY WORDS: chum salmon, Oncorhynchus keta, hydroacoustic counting, 
species composition, Kotzebue Sound, Noatak River, test- 
fishing, escapement. 



INTRODUCTION 

The Noatak River i s  a major producer of chum salmon (Oncorhynchus k e t a )  fo r  
the  Kotzebue Sound commercial salmon f ishery.  The col lect ion of Noatak River 
escapement data i s  an important informational element f o r  the  e f f ec t i ve  
management of t h i s  f ishery.  Prior t o  1979 management of the f ishery was 
based on re1 a t  i ve indicators of salmon abundance, i ncl udi ng commerci a1 
f ishery catch s t a t i s t i c s ,  g i l l  net indices,  and aer ia l  surveys. These 
assessments of re1 a t ive  abundance are  often d i f f i c u l t  t o  in te rpre t .  In 
par t i cu la r ,  ae r ia l  surveys are  highly variable due t o  year t o  year 
differences in ava i l ab i l i t y  and survey conditions. Fishery harvest s t r a t eg i e s  
based on inaccurate assessments of abundance are l i ke ly  t o  be too 
conservative in years of high abundance and too l i be r a l  in years of low 
abundance. Therefore, i t  i s possible t o  develop optimal management programs 
only when accurate and timely abundance data are  avai lable .  

Sonar was iden t i f i ed  as a probable means of providing timely and accurate 
escapement data .  Consequently, sonar equipment produced by the  Bendix Corp. 
and s imilar  t o  t ha t  used on the  Kenai Peninsula (Gaudet 1983) was i n s t a l l ed  
in the  Noatak in 1979. However, t h i s  gear was 1 imited t o  a range of about 
30 meters and exploratory g i l l  net t ing l a t e r  demonstrated the  presence of 
f i s h  beyond t h i s  range (Bigler 1983). 

Sonar equipment with a greater  range capabi l i ty  was i n i t i a l l y  tes ted on the  
Yukon River (Nickerson and Gaudet, d r a f t  manuscript, 1985). This equipment 
made by Biosonics Inc. was selected f o r  the  1984 Noatak River study. In 
addit ion,  an intensive g i l  l ne t  program designed t o  est imate the  proportions 
of species present was a lso  undertaken. The primary objective of t h i s  study 
was t o  produce species-specific estimates of f i s h  moving upstream of Noatak 
River km 45.2. Accompl ishment of t h i s  objective incorporated the  following 
two tasks:  

1. Development of a technique using sonar t o  estimate the  t o t a l  f lux  
of f i s h  a t  r i v e r  km 45.2. 

2. Development of a val id species apportionment method fo r  a1 1 ocation 
of sonar counts. 

STUDY AREA DESCRIPTION 

The Noatak River flows approximately 680 km, draining lands t o  the  north and 
west of Kotzebue Sound. The r e l i e f  of the  lower r iver  area i s  f l a t  and the  
r i ve r  i s  braided, wide, and slow moving. Further upstream, a t  r i v e r  km 45.2, 
the  r i ve r  flows through a s ingle  channel with s tab le  banks. River width in 
t h i s  area i s  approximately 260 m with a maximum depth of 11 m .  This location 
was se lected as the  study s i t e  because of these favorable physical features  
and because of i t s  c lose  proximity t o  the  r i ve r  mouth (Figure 1 ) .  



Figure 1. Noatak River and vicinity of test fishing and sonar 
projects, 1975 to present (taken from Bigler 1985). 



The regularity of the banks' slopes also made the location favorable for  
sonar deployment. The slope of the r iver  bottom on the north bank i s  
approximately 6 percent o u t  t o  130 m from shore. The south bank slope i s  
approximately 24 percent out to  45 m then becomes nearly f l a t  from 50 m t o  
130 m distance from shore. The south bank had a higher water velocity and 
coarser substrate when compared t o  the north bank. 

METHODS 

The t w o  components of the Noatak River sonar study, sonar sampling and 
species apportionment, were treated as independent elements of the project. 

Sonar Samplinq Desiqn 

The sonar project location was divided into two s t r a t a ,  north bank and south 
bank (Figure 2 ) .  These s t r a t a  were sampled with equal intensi ty  to  obtain an 
estimate for  the ent i re  r iver .  The two major considerations for  developing a 
sampling design within each s t r a t a  involved the expansion of sonar counts for  
time periods not sampled and spatial  areas n o t  ensonified. 

Sample collection was temporally random. Fish were counted during 90 samples 
distributed within 4-day periods and counts were expanded to  include periods 
of sonar inoperation. The samples were conducted within 45-min intervals ,  and 
each interval was randomly chosen from the 128 that  were possible within the 
4-day period. The sample size of 90 was estimated using Cochran's formula for  
n with continuous data (Cochran 1977, page 77). Sample location was 
alternated between each s t r a t a  (north and south banks) which resulted in 45 
samples for  each s t r a t a  per 4-day period. 

The sonar beams did not ensonify the en t i re  vertical  water column during 
sampling. To compensate for  t h i s ,  the counts were expanded based on the 
fraction of the water column sampled. The beam location for  each interval was 
randomly chosen from the range of allowable angles. The procedure for  beam 
location selection i s  outlined as follows: Let t be the surface beam angle 
and b be the bottom beam angle. Then, the allowable range i s  t - b .  If  a 
random number r i s  selected from zero t o  t - b ,  then the beam set t ing i s  b t r .  
This procedure was executed before the beginning of each sample. 

Sonar Eaui~ment and Procedures 

A single 420 k h z  Biosonics transceiver was ut i l ized in conjunction with the 
transducers located on each bank of the r iver .  Circular transducers of 2 and 
6 degrees were used a t  the north and south bank s i t e s ,  respectively. Each 
transducer was attached to  a se t  of tripod-mounted rotator  motors which 
permitted remote aiming in two axes. Received echoes were recorded on an EPC 
1600 graphic chart recorder. The transceiver, chart recorder, and rotator  
control unit were operated from the south bank, with transducer and rotator  
cables routed to  the south and n o r t h  bank transducer assemblies. 

The transducer assemblies were generally deployed in 1 t o  2 m of water a t  
each s i t e .  Transducer placement changed with fluctuating water levels.  



Figure 2. Noatak River sonar and test fish site, 1984. Map is not 
drawn to scale. Dashed lines show approximate location of 
sonar beams of indicated width. Numbers 1-4 represent test 
net locations (from Bigler 1985) . 



Transducers were aimed 15 degrees downstream from perpendicular to  the r iver  
current to  allow determination of the direction of f ish travel by change-in- 
range techniques (Appendix 1 ) .  Fish deflectors composed of chicken-wire 
strung between iron poles were positioned just  downstream from the transducer 
locations. Each deflector extended from shore out to  about 2 m beyond the 
transducer face t o  d i rec t  f i sh  beyond the transducer nearfield.  Before the 
in i t i a t ion  of sonar counting, r iver  depths were measured a t  distance 
interval s t o  construct depth profiles.  

Sonar Analytical Methods 

During each 45-min sampling interval,  a sonar operator monitored the chart 
recorder output, classifying and tal lying the detected ta rge ts .  Targets were 
classif ied into one of three categories based on trace angle and form 
(Appendix 1 ) .  The categories were: 1) upstream directed and assumed to  be 
f ish ( u ) ;  2 )  downstream directed and assumed t o  be debris (d ) ;  and 3 )  
direction unknown ( z ) .  The methods to  determine the net number of upstream 
directed targets  ( f i sh)  and the expansion of those counts to  a daily estimate 
were performed in a similar manner t o  those which were used on the Yukon 
River (Mesiar e t  a1 . 1986). For each sector ( i )  and sample interval ( j )  the 
observed number of upstream directed targets ,  u ,  was increased by a 
proportion of those targets ,  z, which could not be classif ied as moving 
upstream or downstream. The proportion was calculated as the r a t i o  of known 
upstream directed targets ,  u ,  t o  total  observed targets  of known direction, 
u t d .  The adjusted u was taken t o  be the estimate of the net number of 
upstream directed targets ,  n .  

The sonar beams from the north and south banks overlapped in the middle of 
the r iver .  Therefore, the net upstream counts were adjusted by developing 
discrete  s t r a t a  for  each bank. The middle of the r iver  was defined as the 
midpoint distance from north t o  south shoreline with the water a t  a reference 
1 evel . This 1 evel occurred a t  the time the depth profi le  measurements were 
taken and was marked with a reference stake driven into the substrate.  
Changes in transducer position, made coincident with changes in water level ,  
were measured relat ive to  the reference stake. The distance from the 
transducer to  the r iver  midpoint defined the usable counting range for  each 
s t r a t a .  All counts in sectors that  were ent i rely beyond t h i s  range were 
omitted from the count expansion process. Sonar counts in sectors tha t  were 
parti  a1 ly  within the range were proportionally included in the expansion 
cal cul a t  i ons. The begi nni ng and ending range of these sectors were cal cul ated 
re la t ive  to  the reference stake. The proportion was expressed as: 



where: 

( i  , k )  = net number of upstream targets  adjusted for 
beam overlap in sector i and stratum k.  

n ( i  , k) = net number of upstream targets  in sector i and 
stratum k.  

S(i ,k)  = star t ing range in sector i and stratum k.  

e ( i  $1 = ending range in sector i and stratum k.  

mk = distance t o  river midpoint from the transducer 
for  stratum k. 

The net number of upstream-directed targets  in each beam sector and stratum 
was expanded on a daily basis to  periods not counted and areas n o t  
ensonified. The l a t t e r  required the quantification of beam area and r iver  
cross-sectional area. Area in each sector ( i )  of the beam was calculated as 
a ( i , k ) :  

Where: a ( i  , k )  = area (m) within sector i and stratum k. 

r ( i  ,k) = distance (m) from the transducer to  the 
outer edge of sector i in stratum k.  

b = beam width (degrees) for  stratum k. 

Est imat i on of r iver  cross-sectional area required information on re1 a t  i ve 
water 1 eve1 and transducer position, r iver  bottom profi 1 e ,  and hydroacousti c 
beam range. For each sector ( i )  of the beam in a stratum (k) ,  beginning and 
ending ranges, re la t ive  to  the reference stake, were calculated. The r iver  
depth a t  beginning and ending ranges, adjusted for  change in water level ,  
were obtained from the bottom profile.  Define the following for  the beams 
used in each stratum (k):  

Ri = River cross-sectional area in sector i .  

Si = star t ing range in sector i .  

e i  = ending range in sector i .  

f i  = s ta r t ing  depth in sector i .  

gi = ending depth in sector i . 



Then : 

For each s e c t o r  ( i )  of t h e  beam in  s t ra tum ( k ) ,  a r ea  expansion f a c t o r s  were 
expressed a s  t h e  r a t i o  of water c ros s - sec t iona l  a r ea  (Rki , k ) )  t o  beam c r o s s  
s ec t iona l  a r ea  ( a ( i  , k ) )  Area expanded n e t  upstream cou t s  (nexP(i , k ) )  were 
expressed a s  : 

o r  i n  t h e  case  of s e c t o r s  with beam overlap,  t h e  a r ea  expansion f a c t o r s  a r e  
expressed a s :  

Temporal expansion of counts  was accomplished by d iv id ing  t h e  d a i l y  t o t a l  of 
upstream d i r e c t e d  t a r g e t s ,  expanded f o r  a r ea  (nexP(i d l ) ,  i n  each s e c t o r  of 
t h e  beam i ,  by t h e  proport ion of t h e  per iod  sampled, t o  g e t  N ( i  , d l .  

where: 

, d l  = Estimated number of  f i s h  i n  s e c t o r  i on day d.  

nexp( i  , d )  = n e t  number of upstream d i r e c t e d  t a r g e t s  i n  

s e c t o r  i on day d ,  expanded f o r  a r eas  not  sampled. 

t ( i , d )  = t ime (minutes) sampled i n  s e c t o r  i and day d .  

then : 

Vert ica l  d i s t r i b u t i o n  of sonar  counts  was examined t o  determine i f  a random 
d i s t r i b u t i o n  was a v a l i d  assumption. This  cons i s t ed  of comparing t h e  r e l a t i v e  
aiming angle  of t h e  sonar  beam t o  a r e l a t i v e  frequency of count abundance. 
The r e l a t i v e  aiming angle was expressed a s  r / t - b ,  where t i s  t h e  s u r f a c e  beam 
angle of day (d) , b i s  t h e  bottom beam angle of day ( d ) ,  and r i s  t h e  random 
number t h a t  was s e l e c t e d  between zero and t - b .  Re1 a t i v e  aiming angles  ranged 
from ze ro  t o  one, where zero  i s  equ iva l en t  t o  t h e  bottom beam angle  and one 
i s  equ iva l en t  t o  t h e  su r f ace  beam angle.  The r e l a t i v e  frequency of  count 
abundance was expressed a s  t h e  sum of expanded counts  dur ing  sample ( j )  of 
day (d)  d iv ided  by t h e  sum of  expanded counts  during a l l  samples ( j )  of day 
( d l .  



The diel periodicity of sonar counts was examined for  each bank. F i r s t ,  the 
expanded counts from each sample interval were standardized re1 at ive t o  each 
other by dividing the count from each sample interval by the sum of counts 
from a l l  sample intervals for  the whole season. These standardized counts 
were then pooled by hourly time blocks (0,1,2. .  .23) and averaged t o  compare 
between time blocks for  diel trends. 

Species Ap~ortionment Sam~linq Desiqn 

The r iver  was divided into four s t r a t a  which were sampled with nets t o  
determine species composition. On each bank of the r iver ,  one nearshore and 
one offshore stratum was sampled (Figure 2 ) .  Two mesh s izes  were used and 
the general schedule for rotating the nets between s t r a t a  was based on a 
4-day sample period (Table 1) .  

The 4-day period was i n i t i a l l y  determined to  be adequate for  obtaining a 
sample s ize large enough to  accurately represent the species composition. A 
sample s ize of 120 f i sh  per period was derived from the method of Bernard 
(Alaska Dept. of Fish and Game memorandum, 1983) using an accuracy level (d) 
of 0 . 1  and a precision ( a )  of a one in ten chance of not having the correct 
species proportions (p i )  within the interval pi + d for  a l l  i  categories. In 
th i s  case, i = 3 groups: chum salmon, pink salmon (Oncorhynchus gorbuscha), 
and other species. 

Only f ish with fork lengths greater than 300 mm were used for 
species-apporti onrnent determination because f i sh  with 1 esser 1 engths were 
excluded from the sonar counting process. Two mesh s izes  were used to  sample 
f ish of different  species and s ize.  The larger mesh was intended for  chum 
salmon, while the smaller mesh was fished for  pink salmon, Arctic char 
(Sa7ve7inus alpinus), and the resident f ish species. 

Species A~~ort ionment  E ~ u i ~ m e n t  and Procedures 

Monofilament ( se t )  g i l l  nets were used to  sample for  species apportionment. 
The stretched mesh s izes  were 102 mm (4 in)  and 149 mm (5 7/8 in)  with depths 
of 40 and 25 meshes (2.75 and 2.55 m fishing depth), respectively (Bigler 
1985). The length of each net was 45.7 m (25 fathoms). The nearshore nets 
were fished as floating se t s  from the r iver  surface t o  the lower extent of  
the net 's  depth range. The offshore nets were submerged and fished from the 
r iver  bottom t o  the upper extent of the i r  depth range. The nearshore nets 
were fished close to  the shoreline while the offshore nets were spaced 
evenly t o  sample the remaining width of the r iver .  The nets were generally 
se t  a t  2300 hours and pulled a t  2000 hours the following day. The bank nets 
were checked every hour and the midriver nets every two hours t o  reduce 
mortality. 

The collection of t e s t - f i  sh data included: fishing time, net 1 ocation, 
species, sex, fork length, mid-eye to  fork length, and number of recaptures. 
During the period of 6 August t o  3 September 1984, additional data were 
collected specifying whether individual f i sh  were gi l led or tangled in the 
nets.  Also during th i s  period, offshore distance of f ish caught in the 
nearshore nets was recorded by 7.62 m intervals.  



Table 1. Rotation of two meeh eizee between eampling etreta 
(four-day cycle) on the Noatak River, 1984. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Day . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 2 3 4 

South Nearehore A v B v 

South Offshore v A v B 

North Nearehore B v A v 

North Offshore v B v A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Heeh eizee are denoted by R A W  and "aw, while 'vR denote6 
vacant net site. 



S~ecies A~portionment Analytical Methods 

A gill net of a particular mesh size selectively captures fish with girth 
sizes that are similar to those mesh size dimensions. It follows that fish 
with girth sizes that differ from the mesh size dimensions are less 
effectively captured. Since a population of fish is composed of many 
different sizes and it is not practical to sample with many mesh sizes, 
catches from two mesh sizes were used and were adjusted for this gillnet 
sel ectivi ty foll owing methods developed by Peterson (1966) and summarized by 
Brannian (draft manuscript, 1984). Fish length, which is proportional to fish 
girth, was used to derive the selectivity coefficients. The relationship 
between fish length and girth differs between species, so it is necessary to 
determine selectivity coefficients for each species. Selectivity 
coefficients were calculated according to methods outlined in Petersen (1966) 
for each 10-mm length class for both mesh sizes. 

Boundaries were set to define the fish lengths that were more effectively 
sampled by the larger mesh and also for the fish lengths more effectively 
sampled by the smaller mesh. There remains the intermediate-length portion of 
a population that was best sampled using catches from both mesh sizes 
combined. Length boundaries and species apportionment formul as (corrected for 
selectivity) were derived in a similar manner to the 1985 Yukon River study 
(Mesiar et al. 1986). The adjusted catches for each set were standardized to 
unit fishing effort and pooled by location. 

The formula used to adjust catches for gillnet selectivity for each species 
apportionment period is expressed as follows: 

Where: An = standardized selectivity-adjusted catch 
of species n. 

Cn,j,k,m = unadjusted catch of species n within length 

interval j for net set k, and mesh size m. 



Sn,j,m, = se lec t iv i ty  coefficient for  species n ,  

length interval j, and mesh s ize m.  

Ek m = fishing ef for t  (hrs) for  net se t  k and 

mesh s ize m.  

1 = large mesh s ize (m). 

2 = small mesh s ize (m). 

ja = Length grouping (a) for  large f i sh .  

j b  = Length grouping (b )  for  small f i sh .  

jc = Length grouping (c) for  intermediate- 

sized f i sh .  

The proportion of species n (Pn) for  a species apportionment period i s :  

Pn = An/ 
a l l  n 

An 

Sonar counts (Nd) were apportioned by: 

En = 
a l l  i 

N ( i , d )  (Pn) 

where En i s  the passage estimate of species n on day d. 

Nonparametric mu1 tip1 e comparisons using Kruskal -Ma1 1 i s  rank sums (Zar 1974) 
were used to  t e s t  for  significant differences in species compos.i tion between 
t e s t - f i sh  locations. 

The offshore distance of f ish caught in the nearshore nets was examined by 
dividing the total  of each species caught a t  each position (7.62-111 interval)  
during the season by the total  number of f i sh  caught in that  net during the 
season. 

RESULTS 

Sonar Enumeration 

Sonar counting began on 16 July and continued through 3 September - a period 
of 50 days. A river-bottom profile (Figure 3) was constructed from depth 
measurements recorded on 15 July. This profile was used throughout the season 
in conjunction with daily water levels  (Figure 4) t o  determine the daily 
r iver  cross-sectional area for  each stratum. Water levels fluctuated 



Matanco South Bonk (m) 

F i g u r e  3 .  B o t t o m  p r o f i l e  a t  1984 N o a t a k  R i v e r  s o n a r  s i t e  
( m e a s u r e m e n t s  t a k e n  o n  1 5  J u l y ) .  T h e  p r o f i l e  i s  d e p i c t e d  
t w i c e :  i n  t h e  t o p  p l o t ,  d i s t a n c e  a n d  d e p t h  s c a l e s  a r e  
n o t  e q u a l  t o  s h o w  r i v e r  b o t t o m  d e t a i l  w h e r e a s  i n  t h e  
b o t t o m  p l o t  t h e  s c a l e s  a r e  e q u a l .  



Date 

Figure 4. Daily water levels recorded at the 1984 Noatak River sonar 
site (reference level established on 15 July). 



throughout t h e  season with major i nc reases  i n  water l eve l  occurr ing  in  e a r l y  
August and then again in  mid-August. 

Expanded sonar  counts  (Table 2) ranged from 164 on 29 August t o  8,274 o-n 24 
J u l y  and t o t a l e d  113,073 f o r  t h e  season. Counts increased s t e a d i l y  from 
mid-July t o  a  peak during t h e  l a s t  week of J u l y ,  then decreased u n t i l  9 
August (Figure 5 ) ,  becoming l eve l  t h e r e a f t e r .  

The hor izonta l  d i s t r i b u t i o n  of  expanded sonar  counts  f o r  t h e  south bank s i t e  
(Figure 6)  i n d i c a t e s  t h a t  t h e  ma jo r i t y  of  f i s h  passed c l o s e  t o  shore .  The 
same i s  t r u e  of t h e  north bank hor izonta l  d i s t r i b u t i o n  (F igure  7 ) ,  although 
t h e  f i s h  passing t h e  north bank s i t e  were d i s t r i b u t e d  ac ros s  more s e c t o r s  
when compared t o  t h e  south bank. 

Examinations of sonar  count v e r t i c a l  d i s t r i b u t i o n  f o r  each bank (F igures  8 
and 9 )  reveal  t h a t  t h e r e  was no c o n s i s t e n t  t r end  f o r  f i s h  t o  o r i e n t  towards 
e i t h e r  t h e  bottom o r  t h e  su r f ace  of t h e  r i v e r .  Data p o i n t s  from a l l  depths 
appear t o  be equa l ly  d i s t r i b u t e d  with r e spec t  t o  count abundance. 

Fish t r a v e l i n g  p a s t  t h e  north bank (Figure 10) d isp layed  no apparent  temporal 
p a t t e r n  of upstream migrat ion.  On t h e  south bank (Figure l l ) ,  t h e r e  seemed 
t o  be a  s l i g h t  decrease  in  a c t i v i t y  between 0200 and 0700 hours .  

The d a i l y  t o t a l  of upstream t a r g e t s  (sum of t a r g e t s  from 45-min samples) by 
loca t ion  i s  presented in  Appendix 2. 

S ~ e c i e s  Composition 

Data from 73 g i l l  n e t  s e t s ,  f i shed  from 18 J u l y  t o  3 September, were used t o  
determine t h e  spec i e s  composition f o r  apportionment. The n e t s  were f i shed  
f o r  approximately 739 hours and caught 1,289 f i s h  (Appendix 3 ) .  The two 
midr iver  t e s t - f i s h  s i t e s  were pooled t o  form a s i n g l e  midr iver  s i t e  t o  
obta in  a  l a r g e r  sample s i z e .  In comparison, g i l l  n e t s  used a t  t h e  north bank 
s i t e  were f i s h e d  about 214 hours and in t e rcep ted  a  season- to ta l  of 487 f i s h ,  
t h e  south bank n e t s  y i e lded  456 f i s h  in  about 232 hours,  and t h e  midriver  
n e t s  y i e lded  346 f i s h  in  approximately 293 hours f i s h i n g  t ime.  During t h e  
period of  16 J u l y  through 3 September, t h e r e  were no length  frequency o r  
t e s t - f i s h  d a t a  f o r  t h e  102-mm n e t s  during 15 of t h e  days and f o r  t h e  149-mm 
n e t s  during 13 of t h e  days. Most of  t h e  non-f ishing days were due t o  high 
water  o r  high d e b r i s  loads .  

Length frequency d i s t r i b u t i o n s  were cons t ruc ted  f o r  chum salmon caught in  t h e  
149-mm and 102-mm mesh n e t s  (Appendix 11) .  Most chum salmon were caught in  
t h e  149 mm mesh. 

C h u m  salmon ca tches  were ad jus ted  using t h e  s e l e c t i v i t y  c o e f f i c i e n t s  
(Appendices 4 and 5)  developed by Brannian (1984). S e l e c t i v i t y  curves were 
p l o t t e d  from t h e s e  c o e f f i c i e n t s  (Figure 12) .  Length boundaries were s e t  t o  
de f ine  t h e  chum length  groupings t h a t  were e f f e c t i v e l y  f i shed  by t h e  two ne t  
mesh s i z e s .  Chum salmon with l eng ths  l e s s  than 514.5 mm were more e f f e c t i v e l y  
sampled by t h e  102-mm mesh n e t  while  chum salmon with l eng ths  g r e a t e r  than 
604.5 mm were more e f f e c t i v e l y  sampled using t h e  149-mm mesh n e t .  The 
in te rmedia te  length  grouping was sampled using ca tches  from both n e t  mesh 
s i z e s .  



Table 2. Sumnary of dai ly  and cumulative da i ly  sonar counts f o r  the Noatak 
River, 1984. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Date Daily Count Cumulative . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
16-Jul 1,991 1,991 
17- Jul 1,086 3,078 
18-Jul 1,402 4,480 
19- Jul 1,814 6,293 
20- Jul 3,567 9,860 
21 - Jul 4,143 14,003 
22-Jul 4,794 18,797 
23- Jul 6,856 25,653 
24 - Jul 8.274 33.928 
25- J U ~  
26- Jul 
27- Jul 
28- Jul 
29- Jul 
30- Jul 
31 - Jul 
01 -Aug 
02-Aug 
03-Aug 
04- Aug 
OS- Aug 
06-Aug 
g:::g 
09-Aug 
10-Aug 
11 -Aug 
12-Aug 
13-Aug 
14-Auq 
15- Aug 
16-Aug 
17-Aug 
18-Aug 
19-Aug 
20-Aug 
21-Aug 
22-Aug 
23-Aug 
24-Aug 
25-Aug 
26-Aug 
27 - Aug 
28-Aug 
29-Aug 
30-Aug 
31-Aug 
01-Sap 
0 2 - s & ~  



Time (days) 

Figure 5. Total counts of fish past the Noatak River 
sonar site not apportioned to species, 1984. 



SONAR SECrOR 

Figure 6. Horizontal distribution of sonar counts on 
the south bank of the Noatak ~iver, 1984. 



SONAR SECTOR 

Figure 7. Horizontal distribution of sonar counts on 
the north bank of the Noatak River, 1984. 



R i v e r  S u r t a c e  1 

R i v e r  D . o t t o m  0 

R e l a t i v e  S o n a r  C o u n t  A b u n d a n c e  

F i g u r e  8. Vert i c a l  d i s t r i b u t i o n  o f  s o n a r  c o u n t  a b u n d a n c e  o n  
t h e  s o u t h  b a n k  o f  t h e  N o a t a k  R i v e r ,  1 9 8 4 .  E a c h  
p o i n t  ( s o n a r  c o u n t  in 4 5 - m i n )  is p l o t t e d  r e l a t i v e  
t o  c o u n t s  o c c u r r i n g  in t h e  s a m e  d a y  w i t h  r e s p e c t  t o  
v e r t i c a l  a i m i n g  a n g l e  and c o u n t  a b u n d a n c e .  



R i v e r  S u r f a c e  1 

R i v e r  Bottom 0 

R e l a t i v e  S o n a r  C o u n t  A b u n d a n c e  
F i g u r e  9 .  V e r t i c a l  d i s t r i b u t i o n  o f  s o n a r  c o u n t  a b u n d a n c e  on 

t h e  n o r t h  b a n k  o f  t h e  N o a t a k  R i v e r ,  1 9 8 4 .  E a c h  
p o i n t  ( s o n a r  c o u n t  i n  4 5 - m i n )  i s  p l o t t e d  r e l a t i v e  
t o  c o u n t s  o c c u r r i n g  i n  t h e  same d a y  w i t h  r e s p e c t  t o  
v e r t i c a l  a i m i n g  a n g l e  a n d  c o u n t  a b u n d a n c e .  



rime of Day (Entim %son Posted) 

F i g u r e  10. D i e 1  p e r i o d i c i t y  o f  s o n a r  c o u n t s  o n  t h e  
n o r t h  b a n k  o f  t h e  N o a t a k  R i v e r ,  1984.  



Time of Day (Entlm %a017 Pooled) 

F i g u r e  11. D i e 1  p e r i o d i c i t y  o f  s o n a r  c o u n t s  o n  t h e  
s o u t h  b a n k  o f  t h e  N o a t a k  R i v e r ,  1984. 



Chum Length Class Midpoint (mm) 
102 mm mesh + 149 mm mesh 

F i g u r e  12. S e l e c t i v i t y  c u r v e s  for c h u m  s a l m o n  c a p t u r e d  in 1 0 2 - m m  
and 1 4 9 - m m  m e s h  gill n e t s ,  N o a t a k  R i v e r ,  1 9 8 4  ( R e g i o n s  
A and B i l l u s t r a t e  t h e  s i z e  o f  c h u m  s a l m o n  e f f e c t i v e l y  
s a m p l e d  by 1 0 2 - m m  and 1 4 9 - m m  m e s h ,  r e s p e c t i v e l y ) .  



Catch data  f o r  species o ther  than chum salmon were inadequate fo r  t h e  
development o f  s e l e c t i v i t y  c o e f f i c i e n t s .  Very few A r c t i c  char were caught i n  
t he  l a r g e r  mesh (Appendix 11); most were caught i n  t h e  102-mm mesh (Appendix 
11) .  N e g l i g i b l e  numbers o f  p i n k  salmon and w h i t e f i s h  were caught i n  the  
1 arger  mesh. Length frequency d i s t r i b u t i o n s  were a1 so constructed f o r  p i n k  
salmon and w h i t e f i s h  caught i n  t he  102-mm mesh (Appendix 11). 

F ish ing- t ime-standardized catches o f  species o ther  than chum salmon were 
pooled t o  form t h e  "o ther "  species category. S e l e c t i v i t y  c o e f f i c i e n t s  cou ld  
n o t  be der ived f o r  t he  "o ther "  species because o f  i n s u f f i c i e n t  da ta  from 
catches i n  t he  l a r g e  mesh net .  "Other" species were adjusted us ing  an 
o v e r a l l  s e l e c t i v i t y  c o e f f i c i e n t  o f  0.7. Thi s i s  an approximated value 
obta ined from species apportionment worksheets developed f o r  t h e  Yukon River  
sonar s tud ies  (Mesiar e t  a1 . 1986). 

Species composit ion da ta  were s t r a t i f i e d  i n t o  th ree  1 ocat ions w i t h i n  f i v e  
species apportionment per iods.  The l o c a t i o n s  were nor th,  south, and m i d r i v e r  
and the  per iods ranged i n  l eng th  from f o u r  t o  s i x teen  days (Table 3 ) .  The 
per iods were developed r e l a t i v e  t o  ca tch  sample s izes .  Catches were f u r t h e r  
t ime-adjusted f o r  comparison o f  catches between species apportionment 
per iods.  Species composit ion was determined f o r  two ca tegor ies  : chum sal  mon 
and "o ther "  species. The p ropo r t i on  o f  chum salmon peaked du r ing  the  t h i r d  
p e r i o d  i n  t he  n o r t h  and south l o c a t i o n s  w i t h  values o f  about 48% and 71%, 
respec t i ve l y .  The p ropo r t i on  o f  chum i n  t h e  m i d r i v e r  l o c a t i o n  peaked i n  the  
fou r th  p e r i o d  w i t h  a value o f  about 90%. The ad jus ted  chum salmon catches 
were g rea tes t  i n  t h e  t h i r d  pe r iod  f o r  nor th,  south, and m i d r i v e r  l o c a t i o n s  
w i t h  values of approximately 19, 34, and 16 percent,  r e s p e c t i v e l y .  "Other" 
species catches f l u c t u a t e d  throughout t he  season. 

A mu1 t i p l e  comparison t e s t  was performed on the  chum salmon p ropo r t i ons  from 
each l o c a t i o n  t o  t e s t  f o r  d i f f e rences  i n  species composit ion (Appendices 6 
and 7) .  Resul ts  i n d i c a t e d  t h a t  t h e  propor t ions  between t h e  t h r e e  sampled 
l o c a t i o n s  (nor th,  south, and m i d r i v e r )  were no t  t h e  same a t  a s i g n i f i c a n c e  
l e v e l  o f  a = 0.10. 

The of fshore d i s t r i b u t i o n s  o f  f i s h  caught i n  t he  t e s t  ne ts  a t  n o r t h  and south 
bank l o c a t i o n s  were determined f o r  chum salmon and "o ther "  species. On the  
n o r t h  bank (F igure 13), "o ther "  species were most abundant a t  about 22.9 m 
from shore and dec l i ned  i n  abundance a t  g rea te r  d is tances.  Chum salmon 
abundance increased s t e a d i l y  t o  peak abundance a t  about 45.7 m from shore, 
which was t h e  o f f sho re  end o f  t he  ne t .  On the  south bank (F igure 14) "o ther "  
species abundance peaked a t  a d is tance o f  about 15.2 m from shore and 
dec l ined i n  abundance a t  g rea te r  d is tances.  Chum salmon abundance peaked a t  a 
d is tance o f  22.9 m from shore and dec l ined i n  a s i m i l a r  manner t o  the  o ther  
species a t  t h i s  l o c a t i o n .  

Estimates o f  F i sh  Passaqe bv S ~ e c i e s  

Sonar counts were d i v i d e d  i n t o  th ree  s t r a t a :  nor th,  south, and m i d r i v e r  f o r  
species apportionment purposes because species composit ion r e s u l t s  i nd i ca ted  
t h a t  t he re  was a s i g n i f i c a n t  d i f ference i n  species compasi t i o n  between t e s t -  
f i s h  l oca t i ons .  The o f f sho re  d i s t r i b u t i o n  o f  f i s h  i n  t he  t e s t  ne ts  (Figures 
13 and 14) was used as an a i d  t o  determine where the  changes i n  species 
composit ion occurred. The n o r t h  s t ratum counts were then def ined as occu r r i ng  



Table 3. Summary of fiehing effort, eelectivity-adjulrtad and 
standardized catches by speciee, and species proportion8 
by perlod and etraturn for the Noatak River, 1984. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fiehing Adj. Adj. 

t of Time Chum Other 
Stratum Sets (hr. ) Catch Catch X Chum X Other 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
North 3 35.72 9.07 13.55 40.1 59.9 

Period 1 South 3 26.87 6.31 35.77 15.0 85.0 
(16-23 Jul) Uidriver 6 71.63 3.54 3.38 51.1 48.9 

North 2 24.50 10.13 20.55 33.0 67.0 
Period 2 South 2 21.58 27.35 11.69 70.1 29.9 
(24-27 Jul) Uidriver 4 44.57 8.25 3.08 72.8 27.2 

Period 3 North 3 15.42 19.26 20.80 48.1 51.9 
(28-Jul to South 3 19.60 34.32 14.08 70.9 29.1 

4-Aug) Kidriver 5 22.03 15.56 5.33 74.5 25.5 

North 6 74.22 7.64 24.44 23.8 76.2 
Period 4 South 7 86.41 7. 14 5.57 56.2 43.8 
(5-20 Aug) Hidriver 8 83.06 6.59 0.77 89.5 10.5 

Period 5 North 6 63.91 2.60 9. 14 22.1 77.9 
(21-Aug to South 6 77.35 5.43 8.11 40.1 59.9 
3-Sep) Kldriver 9 65.70 13.62 6.56 67.5 32.5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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F i g u r e  1 3 .  O f f s h o r e  d i s t r i b u t i o n  o f  chum s a l m o n  and o t h e r  s p e c i e s  
c a p t u r e d  i n  g i l l  n e t s  on  t h e  n o r t h  b a n k  o f  t h e  N o a t a k  
R i v e r  i n  1 9 8 4  a t  7.62-111 i n t e r v a l s .  
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F i g u r e  14. O f f s h o r e  d i s t r i b u t i o n  o f  c h u m  s a l m o n  and o t h e r  s p e c i e s  
c a p t u r e d  in gill n e t s  o n  t h e  s o u t h  b a n k  o f  t h e  N o a t a k  
R i v e r  in 1984 at 7.62-m i n t e r v a l s .  



within north bank sonar sectors one through five, which were approximately 
one and a half times the length of the north nearshore net position. North 
bank sectors six through ten were allocated to the midriver location. 

On the south bank, sonar sectors one through three were allocated to the 
south stratum which corresponds to the length of the south bank nearshore 
net. Sectors four through ten were allocated to the midriver location. The 
sectors that were allocated to midriver location from each of the banks were 
combined to form the midriver stratum. 

The three species-apportionment 1 ocations yielded season total s of 81,109 
fish passing the north bank, 25,986 fish on the south bank, and 5,978 in 
midriver (Appendix 10). 

Sonar counts, when combined with species-apportionment data yielded estimates 
of species passage by period (Table 4). The total passage was comprised of 
44,182 chum salmon and 68,891 other species. Chum salmon passage peaked 
during the third species-apportionment period (Figure 15). 

Chum proportions by period were applied to daily sonar counts to derive daily 
chum passage (Appendix 8). Using thi s method of apportionment and cumul at i ve 
time-density calculations (Mundy 1982), the mean date of chum passage was 31 
July (Appendix 9). 

Com~ari son With Other Abundance Indicators 

An aerial survey of Noatak River spawning areas was conducted on September 4, 
' 

1984 (ADF&G 1985). Under excellent conditions, this survey resulted in a 
count of 67,873 chum salmon. This estimate is substantially higher than the 
sonar count of 44,182 that was apportioned to chum salmon in this study. 

Abundance indicators from gill net catches were also compared to sonar 
counts. Chum salmon catch per unit effort (CPUE) values from the 1984 
Kotzebue Sound commercial fishery (ADF&G 1985) and from the 1984 Noatak River 
test-net project are 1 i sted a1 ong with dai ly-apportioned and 
period-apportioned sonar counts in Appendix 8. Chum salmon CPUE values from 
the Noatak River test-net project were averaged from the individual values 
reported by Bi gl er (1985) for monof i I ament and mu1 ti f i 1 ament 149-mrn mesh 
nets. This was done by averaging the standardized CPUE's only on days when 
both nets were fished. 

Comparison of daily chum sonar counts with the commercial fishery and 
test-net chum CPUEs plotted through time (Figure 16) reveals that peak sonar 
counts occurred earlier (24 July) than the peak in commercial fishery CPUE 
(26 July) and in test-net CPUE (28 July). Chum sonar counts are similar to 
the commercial fishery CPUE in that they rise steadily to peak abundance in 
late July and decrease steadily to low levels of abundance from 3 August to 
the end of the season. It should be pointed out that the low commercial 
fishery CPUE value that occurred on 30 July is a product of low fishing 
effort and poor fishing due to extremely poor weather (ADF&G 1985). 

Chum CPUE derived from Noatak River test netting fluctuated greatly (Figure 
16) throughout the season. The largest difference between test-net CPUE and 
sonar counts occured about 27 July when test-net CPUE increased greatly and 



Tabla 4. Estimated upetrealr paeeage apportioned to epeciee for the 
Noatak River, 1984, past the sonar study site (river km 45.2). 

Unapportioned Chum Other 
Estimated - - - - - - - - - - - -  - - - - - - - - - - - -  

Stratum Passage X Passage X Paesage 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

North 14,379 40. 1 5,766 59.9 8,613 
Period 1 South 10,187 15 I,  528 85 8,659 
(16-23 Jul) Kidriver 1,088 51. 1 556 48. 9 532 

North 23,056 33 7,608 67 15,448 
Period 2 South 5,714 70. 1 4,006 29.9 1,708 
(24-27 Jul) Hidriver 1,107 72.8 806 27.2 35) 1 

North 18,458 48.1 8,878 51.9 9,580 
Period 3 South 5,142 70.9 3,646 29.1 1,496 
(28-Jul t o  Uidriver 2,149 74.5 1,601 25. 5 548 

4-Aug ) 
North 16,231 23.8 3,863 76.2 12,368 

Period 4 South 3,896 56.2 2,190 43.8 1,706 
(5-20 Aug) Kidriver 1,026 89.5 9 18 10.5 108 

North 8,984 22. 1 1,985 77.9 6,999 
Period 5 South 1,048 40.1 420 59.9 628 
(21-Aug to Uidriver 608 67.5 4 i 0  32. 5 198 

3-Sept) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Total 113,073 44,182 68,891 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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F i g u r e  1 5 .  T o t a l  c o u n t s  of f i s h  p a s s a g e  by s p e c i e s  o v e r  
t i m e ,  N o a t a k  R i v e r ,  1984 .  
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F i g u r e  16.  C o m p a r i s o n  o f  N o a t a k  R i v e r  chum s a l m o n  s o n a r  c o u n t s  
(chum p r o p o r t i o n s  b y  p e r i o d  a p p l i e d  t o  d a i l y  s o n a r  
c o u n t s )  w i t h  t h e  K o t z e b u e  Sound c o m m e r c i a l  chum sa lmon  
c a t c h  p e r  u n i t  e f f o r t  ( C P U E )  and t h e  N o a t a k  R i v e r  
t e s t - n e t  chum C P U E  t h r o u g h  t i m e  i n  1984.  



sonar  counts  decreased.  Af t e r  t h e  f i r s t  week of August t h e  t e s t - n e t  C P U E  
values f l u c t u a t e d  e r r a t i c a l l y  from day t o  day while  t h e  sonar  counts  
decl  ined in  abundance t o  a  s teady 1  eve1 . The i r r egu l  a r i  t y  of t h e  t e s t - n e t  
C P U E  values can p a r t i a l l y  be explained by l a c k  of d a t a  during per iods  of 
f l u c t u a t i n g  water  l e v e l s  and high d e b r i s  loads  when t h e  n e t s  were not  f i s h e d .  

Comparison of d a i l y  t e s t - n e t  CPUE with t h e  commercial f i s h e r y  CPUE (Figure 
16) revea led  t h a t  both i n d i c a t o r s  peak i n  abundance wi th in  t h e  l a s t  week of 
Ju ly ,  but t e s t - n e t  CPUE dropped sharp ly  about 1 August and then r o s e  in  
abundance whi 1  e  t h e  commerci a1 f  i  shery CPUE decl i  ned s t e a d i  1  y  throughout 
August. 

Pooling and averaging t h e  t e s t - n e t  and commercial f i s h e r y  CPUE va lues  by 
sonar  species-apport ionment  per iod reduces t h e  d a i l y  v a r i a t i o n .  When p l o t t e d  
with t h e  pooled CPUE va lues ,  chum sonar  counts  (a1 so pooled by apportionment 
pe r iod ) ,  t racked  s i m i l a r l y  through time with t h e  CPUE va lues  (F igure  1 7 ) ,  
except  t h a t  t h e  peak of t h e  commercial CPUE (25 J u l y )  occurred before  t h e  
peaks of both chum sonar  counts  and t e s t - n e t  C P U E  ( 1  Aug). An add i t i ona l  
per iod was c rea t ed  f o r  t h e  commercial f i s h e r y  and t e s t - n e t  CPUE va lues  t h a t  
occurred before t h e  i n i t i a t i o n  of sonar  sampling and t h e s e  values were 
pool ed and averaged f o r  t h i  s period.  

The mean d a t e  of chum passage was a l s o  ca l cu la t ed  f o r  commercial f i s h e r y  CPUE 
and t e s t - n e t  CPUE (Appendix 9)  using migratory t ime d e n s i t y  methods (Mundy 
1982). The mean d a t e  of chum salmon migrat ing pas t  t h e  l o c a t i o n  of t h e  
Kotzebue Sound commercial f i s h e r y  was 28 J u l y .  A t  t h e  Noatak River s tudy s i t e  
( r i v e r  km 45 .2) ,  t h e  mean d a t e  of chum passage es t imated  from t e s t - n e t  C P U E  
was 3  August. This  was t h r e e  days l a t e r  than t h e  mean d a t e  c a l c u l a t e d  from 
chum sonar  counts  a t  t h e  study s i t e  (31 J u l y ) .  

The cumulative d a i l y  propor t ions  (Appendix 9) f o r  each of t h e  t h r e e  abundance 
i n d i c a t o r s  were p l o t t e d  through time t o  examine seasonal t r ends  (Figure 1 8 ) .  
A1 1  t h r e e  i n d i c a t o r s  showed t h e  g r e a t e s t  p ropor t iona l  i nc rease  i n  1  a t e  Ju ly  
and t h e  l e a s t  i nc rease  a t  t h e  beginning and end of t h e i r  r e s p e c t i v e  time 
i n t e r v a l s ,  except  f o r  t h e  t e s t - n e t  d a i l y  propor t ions  which increased  a t  t h e  
very end of t h e  season. In comparison, t h e  t e s t - n e t  propor t ions  jncreased the  
l e a s t  of t h e  t h r e e  i n  t h e  l a t t e r  p a r t  of t h e  season and had a  g r e a t e r  l eve l  
of f l u c t u a t i o n  throughout t h e  season. The sonar  and commercial f i s h e r y  
propor t ions  progressed more gradual ly  throughout t h e  season with commercial 
f i s h e r y  propor t ions  bui ld ing  more r a p i d l y  than t h e  sonar  propor t ions ,  except 
f o r  midseason (30 J u l y ) .  

DISCUSSION 

Sonar Enumeration 

The examination of sonar  count v e r t i c a l  d i s t r i b u t i o n  sugges ts  a  random 
d i s t r i b u t i o n  o f  f i s h .  The range of beam loca t ion  angles  was l i m i t e d  in  
r e l a t i o n  t o  t h e  r i v e r  c ros s - sec t iona l  a r ea  which makes sepa ra t ion  of d i s c r e t e  
v e r t i c a l  s t r a t a  d i f f i c u l t .  Other sonar  s t u d i e s  have shown t h a t  f i s h  tend t o  
o r i e n t  towards r i v e r  bottom whi 1  e  migrat ing up r ive r .  Perhaps t h e  water 
v e l o c i t y  i n  t h e  Noatak River i s  a  f a c t o r  causing a  more even v e r t i c a l  
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F i g u r e  1 7 .  N o a t a k  ~ i v e r  s o n a r  c o u n t s  a p p o r t i o n e d  t o  chum s a l m o n  
c o m p a r e d  w i t h  t h e  K o t z e b u e  Sound  c o m m e r c i a l  f i s h e r y  
chum C P U E  a n d  t h e  N o a t a k  R i v e r  t e s t - n e t  chum C P U E ,  
a l l  p o o l e d  by s p e c i e s  a p p o r t i o n m e n t  p e r i o d  a n d  
p l o t t e d  t h r o u g h  t i m e ,  i n  1 9 8 4 .  



di s t r i  bution. Recently-developed el 1 iptical beam transducers are more 
conducive t o  ensonifying the r iver  bottom when compared t o  the conventional 
c i rcular  beam transducer. Use of e l l i p t i ca l  beam transducers on the Noatak 
River may shed l ight  upon the vertical  distribution of migrating f i sh .  

A single depth profi le  was constructed during the 1984 f i e ld  season. If 
future sonar studies are ini t ia ted on the Noatak, the r iver  profi le  should be 
monitored for  changes throughout the season. I r regular i t ies  in the bottom 
profile can cause undercounting of f ish in the spaces between the r iver  
bottom and the sonar beam (Mesiar e t  a l .  1986). River bottom with an even 
profile and s table  substrate should be the c r i t i ca l  element for  s i t e  
selection. 

The data se t  for  the species composition work done with monofilament nets i s  
insuff ic ient .  I t  was possible t o  adjust for  only chum salmon se lec t iv i ty ,  
because species other than chum salmon were not adequately represented in the 
larger mesh net. I t  i s  not known whether the estimated value chosen for  other 
species se lec t iv i ty  i s  appropriate for  t h i s  study. This i s  a possible source 
of error  that  would significantly affect  the apportioned estimates of f ish 
passage. Also, re lat ively few chum salmon were g i l led  in the 102-mm net 
because t h i s  mesh s ize i s  perhaps too small for  most age classes of chum 
salmon returning t o  the Noatak River. 

Future studies should probably employ three mesh s izes  t o  sample from a l l  
portions of the population making i t  possible to  develop se lec t iv i ty  
coefficients for  each species. Because the species composition d i f f e r s  with 
location, i t  i s  necessary to  sample with greater intensity to  obtain a 
suff ic ient  sample s ize for  each location. Possibly, more frequent se ts  of 
shorter duration would a1 1 ow adequate sampl i ng . 
Com~arison With Other Abundance Indicators 

The comparison between the three chum salmon abundance indicators in Figure 
16 reveals a s imilar i ty  of peak abundance in l a t e  July. Specific conclusions 
can n o t  be made about the daily chum sonar counts, because they are not t ruly 
representative of chum passage on a daily basis. The proportions were derived 
over a period of several days so are n o t  representative of how much each 
component, chum salmon or other species, contributed t o  the sonar count 
magnitude on a single day. 

The 1984 commercial fishery CPUE (Figure 16) rose gradually t o  peak abundance 
in l a t e  July then declines steadily until the season closure with only one 
notable aberrant point which occurred on 30 July and was due to  extremely 
poor weather. 

The high var iab i l i ty  of daily tes t-net  indices, as i l lus t ra ted  in Figures 16 
and 18, i s  thought t o  be caused by varying water conditions which a l t e r  the 
effectiveness of the nets used for  daily tes t-net  indices and for  species- 
apportionment of sonar counts. These conditions, which include water level s ,  
water c l a r i ty ,  and debris loads, may affect the catchabil i t y  of the se t  nets 
and also the migratory pattern of f i sh .  Drift  g i l l  nets may be a solution t o  
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F i g u r e  18. C u m u l a t i v e  d a i l y  p r o p o r t i o n s  o f  s e a s o n  t o t a l s  f o r  
N o a t a k  R i v e r  chum s o n a r  c o u n t s  a n d  t e s t - n e t  CPUE a n d  
t h e  K o t z e b u e  Sound c o m m e r c i a l  f i s h e r y  chum CPUE 
p l o t t e d  t h r o u g h  t i m e  i n  1984 .  



t h i s  problem by reducing the effect  of debris and allowing greater 
f l ex ib i l i t y  during high water periods. 

Although scarcity of data points l imit  the comparison between the Kotzebue 
Sound commercial fishery C P U E ,  the Noatak River tes t -ne t  chum CPUE, and the 
chum-apportioned sonar counts, a l l  pooled by period, the three sources follow 
similar trends when tracked through time (Figure 17). When daily variations 
are el iminated by averaging tes t -ne t  indices pooled by apportionment period, 
the tes t -ne t  indices are similar in magnitude to  the chum sonar counts pooled 
by apportionment period. The peaks of chum sonar counts and t e s t -ne t  C P U E  
are reached l a t e r  than the commercial CPUE which i s  expected since the sonar 
s i t e  i s  located upstream from the commercial f ishery. 

The mean date of chum passage (Appendix 9) differed for  tes t -ne t  chum C P U E  (3 
August) and chum sonar counts (31 July) .  There should have been no difference 
because these indicators sampled from the same point of the migration route. 
Possible reasons for t h i s  difference include: (1) inaccurate estimation of 
sonar count species proportions during part of the season, ( 2 )  differing 
1 evel s of sonar accuracy throughout the season, or (3) differ ing 1 evel s of 
tes t -ne t  catchabili ty throughout the season. From Figure 18 i t  appears that  
tes t -ne t  proportions a f t e r  31 July did not increase in the same manner as did 
the sonar counts and the commercial f ishery CPUE. This appears t o  be the most 
l ike ly  reason for  the difference in mean date of chum passage. The ea r l i e r  
commercial fishery mean date of passage (28 July) ,  coupled with the more 
rapid increase in cumulative proportion (Figure 2 4 ) ,  as compared with the 
sonar counts, i s  expected since the chum migration through the fishery i s  
separated in time from the Noatak River study s i t e .  

I t  should be noted that  two factors have not been addressed in the comparison 
of abundance indicators which re la te  t o  the commercial f ishery. F i r s t ,  the 
commercial fishery catch i s  composed of chum populations from the Noatak 
River and the Kobuk River, and i t  i s  d i f f i cu l t  t o  clearly distinguish 
separate r u n  timing of these populations because of overlap. Secondly, the 
fishery i t s e l f  has an undefined effect  upon the entry pattern of chum salmon 
into the Noatak River. 

The aerial  survey conducted on Noatak River spawning grounds shortly a f te r  
the end of the sonar-sampl ing f ie ld  season revealed that  a 1 arger number of 
chum salmon had migrated upstream than had been estimated with apportioned 
sonar counts. Test fishing a t  the sonar s i t e  before the in i t i a t ion  of sonar 
counting indicated a small number of upstream migrating chum salmon (Bigler 
1985) which were consequently not counted by the sonar. While th i s  i s  
probably n o t  a major factor ,  i t  i s  a contributing factor to  the discrepancy 
between the aerial  survey and th i s  study. B o t h  estimates are lower than the 
hi s tor ical  average escapement o f  80,000 chum salmon, b u t  high subsistence 
catches of bright chums were being made in the lower Noatak a f t e r  b o t h  of 
these estimates had been made (ADF&G 1985). The escapement was probably 
closer t o  the historical average than the aerial  survey indicates due t o  t h i s  
l a t e  component of the chum salmon run. 

Project Evaluation And Recommendations 

Trends in sonar counts obtained from the Noatak River between 16 July and 3 
September were similar t o  trends in C P U E  from the commercial fishery and the 



g i l l  ne t  t e s t - f i s h i n g  program. However, t h e  t o t a l  count produced by t h e  sonar  
i s  s i g n i f i c a n t l y  lower than t h e  number of chum salmon t a l l i e d  on an a e r i a l  
survey conducted on 4 September. 

Several f a c t o r s  may have cont r ibu ted  t o  sonar  undercounting which inc l  ude: 
(1) i n c o r r e c t  es t imat ion  of t h e  e f f e c t i v e  beam s i z e ,  ( 2 )  inadequate sonar  
coverage of t h e  middle r i v e r ,  and ( 3 )  i naccu ra t e  apportionment of spec i e s .  
Factors  1 and 2 would be r e l a t i v e l y  easy t o  remedy in  t h e  f u t u r e .  E f fec t ive  
beam width can be analyzed by using dual beam sonar  techniques  on s e l e c t e d  
segments of t h e  run. Accurate sonar  coverage of midriver  can be e a s i l y  
accompl i  shed by using add i t i ona l  t ransducers .  I f  f i s h  a r e  t r a v e l  ing near  t h e  
bottom in  midr iver ,  t h e  addi t iona l  t ransducers  a r e  e s s e n t i a l  because of t h e  
d i f f i c u l t y  of aiming t r ansduce r s  over long ranges and an uneven bottom. 

Recommendations f o r  t h e  t h i r d  f a c t o r  have been previous ly  addressed and 
include:  Larger sample s i z e s  per  s t ra tum,  use of t h r e e  n e t s  of d i f f e r i n g  
mesh s i z e ,  and poss ib ly  t h e  use of d r i f t  g i l l  ne t  techniques.  

With t h e s e  changes, an accura te  and t imely e s t ima te  of chum salmon escapement 
i n t o  t h e  Noatak River can be determined. 
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A p p e n d i x  1 .  C r i t e r i a  f o r  c l a s s i f i c a t i o n  o f  t a r g e t s .  



A p p e n d i x  1. C r i t e r i a  f o r  c l a s s i f i c a t i o n  o f  t a r g e t s .  

C l a s s i f i c a t i o n  o f  echogram t r a c e s  as  u p r i v e r  m i g r a n t  f i s h  ( a s  
opposed  t o  d e b r i s ,  b o a t  t r a f f i c ,  o r  w a t e r  t u r b u l e n c e )  was based  
on d i r e c t i o n  o f  movement, amount o f  t i m e  s p e n t  i n  t h e  beam, 
s u r f a c e  t u r b u l e n c e  a s s o c i a t e d  w i t h  t h e  t a r g e t ,  and w i d t h  and 
i n t e n s i t y  o f  t h e  r e c o r d e d  t r a c e .  D i r e c t i o n  o f  movement was 
d e t e r m i n e d  u s i n g  c h a n g e - i n - r a n g e  t e c h n i q u e s .  The f i g u r e  b e l o w  
shows a  c r o s s  s e c t i o n  o f  an a c o u s t i c  beam. 

Shore l ine  I Cur rent  

The t r a j e c t o r y  o f  a  f i s h  p a s s i n g  t h r o u g h  t h e  beam i s  r e p r e s e n t e d  
b u  v e c t o r  A. M a r k s  on t h e  l i n e  i d e n t i f y  p o s i t i o n s  a l o n g  t h e  
t r a j e c t o r y  where  t h e  f i s h  i s  e n s o n i f i e d  d u r i n g  s u c c e s s i v e  
t r a n s m i s s i o n s .  As t h e  f i s h  moves a l o n g  i t s  u p s t r e a m  t r a j e c t o r y ,  
i t s  s l a n t  r a n g e  f r o m  t h e  t r a n s d u c e r  d e c r e a s e s .  Downst ream 
movement i s  e v i d e n c e d  b y  i n c r e a s i n g  s l a n t  r a n g e .  D e t e r m i n a t i o n  
o f  t a r g e t  d i r e c t i o n  s e p a r a t e d  d e b r i s  f r o m  f i s h .  



A p p e n d i x  2 .  D a i l y  t o t a l s  o f  u p s t r e a m  t a r g e t s  ( sum o f  
t a r g e t s  f r o m  4 5  m i n u t e  s a m p l e s )  b y  l o c a t i o n .  



Daily t o t a l s  of upstream ta rge t s  (sum of 
t a rge t s  from 45 minute samples) by loca- 
t ion.  

----------------------------------------. 
Date North South Hidriver ......................................... 
16- Jul 
17-Jul 
18- Jul 
19- Jul 
20-Jul 
21 - Jul 
22- Jul 
23- Jul 
24- Ju 
25- J U ~  
26- Jul 
27-Jul 
28- Jul 
29-Jul 
30- Jul 
31 - Jul 
01 -Aug 
02-Aug 
03-Aua 
04-~uq 
05 - Aug 
06-Aug 
07 - Aug 
08-Aug 
0 -Aug 
1 8 -Aug 
11 -Aua 
1 2 - ~ u g  
13-Aug 
14-Aug 
15-Aug 
16-Aug 
17-Aug 
18-Aug 
19-Aug 
20-Aug 
21-Aug 
22-Aug 
23 - Aug 
24-Aug 
25-Aug 
26-Aug 
27-Aug 
28-Aug 
29- hug 
30-Aug 
31-Aug 
01 -Sep 
02-Sep 
03-Sep .......................................... 
Totals 6988 3103 1495 .......................................... 



A p p e n d i x  3. S u m m a r y  o f  1984 N o a t a k  R i v e r  t e s t - f i s h  
o p e r a t i o n s  u s i n g  m o n o f i l a m e n t  s e t  gill n e t s .  



Sunnwy of I984 Nortak Rivrv tost-fish oprrations using monof i lwot  sot g i l l  ru ts .  

............................................................................................................................. 
Catoh Totrl  

P(ss,, * of Firhi,,,, ......................................................... *Fish S of 
< m a >  k t s  TI- <hr> (IChum aPink SChw Whitefish #Suckers OShrofrsh 8 0 t h ~ -  Cau+t Pecmpturos 

-----------------------------------------------------------------.------------------------------------------------.------------ 
k t h  102 1 I 1 13.75 1 2 1  1 2 1  1 1  11 I 7 1 3 1 I  J6 I 1  uhitofish 

149 1 2 1  21.97 1 2 7 1  I I 1 I  I I  I Z B l I c h w  
P u i o d l  South 102 I  2 13.75 1 1 1 1  7 1  I  19 1 16 1 1 I I  5 4 1  
<16-23 Jul)  I49 I I 1  13.12 1 1 2 1  2 1  I 1 I  I 1 14 1 

Midrrver I02 1 3 1 35.55 1 6 1  3 1  2 1  2 1 10 1 2 1 I  2 5 1  
149 1 3 1  36.08 1 2 7 1  L I  1 I  I  I I 1 3 0 1  

I  I I I I  I  I I 
North 102 1 1 1  10.75 I  2 7 1  I 1 1  IS  I I 

Period 2 149 1 1 1  13-75 1 1 9 1  1 1  1 1  3 1 I 
<24-27 Jul > South 

North 
P u i o d  3 
(28-Jul to  South 

*-Rug > 
Mich-ivw 

I 149 
P e r i o d 4  Swth 102 
<S-20 Rug> 149 

Midriver 102 
149 

North 102 
P u i o d  5 1 49 
(21-Arg to  Sarth 102 

3-S.pt > 1 49 
Midrivw 102 

149 

49 1 
51 I  
20 1 
33 1 

I 
43 1 
le  I 
16 I 
79 1 
43 1 
28 1 

I 
197 1 1 uhitefish 



A p p e n d i x  4 .  W o r k s h e e t  f o r  d e v e l o p m e n t  o f  s e l e c t i v i t y  
c o e f f i c i e n t s  f o r  N o a t a k  R i v e r  chum s a l m o n  
c a p t u r e d  i n  102-mm mesh g i l l  n e t  i n  1 9 8 4  
( f r o m  B r a n n i a n  1 9 8 4 ) .  



Develooinent of seleCtivlty coeffl~lents for Nortak River cnum salmon 
caught in r 101.6 ( 4  in) mesh set g1lln.t. 

Mid- L - Lrn Orelnate Heignt Selectivity Cat crr 
Length Point I -------- o f  Normal toefficlents Catch Qd justed 
Class (L) I S i/ 0istr;sution * o r  Select lvity 

--_-_------------.-------------------------------------------------------------------------- 
*88 -409 404.5 1 -8. 50 8.3512 8.88 1.8 
410 -419 414.5 I -0.48 8.3680 0.32 i 
420 -429 424.5 ! -8.38 8.3814 a. % 0 
430 -439 434.5 1 -6.20 0.3913 0.98 1.0 1 

440 -449 444.5 1 -8. d9 8.3972 1.80 1 .  a 1 
450 -459 454.5 1 a. 01 0.3383 1 .  08 0 
460 -463 464.5 ! d. 1 1  a.  3365 8. 39 1.0 1 
470 -479 474.5 1 a. 21 8.3988 SI. 98 8 
480 -489 484.5 I a. 32 8.3735 a. 9s a 
490 -499 434.5 I a. 42 a. 3655 8.92 a 
500 -563 504.5 1 6.  53 0.3483 0.87 1.d 1 

510 -513 5i4.S ' 0.62 0.3284 0. 82 0 

520 -529 524.5 ' d. 73  a. 3865 8. 77 1.8 1 

530 -533 534.5 1 8.83 0. L83d a. 71 1 .  8 1 
540 -549 544.5 I a.  93 a.  2586 a. 6 s  1.18 2 
558 -559 554.5 1 L .  a3 a. i338  8.59 4.8 7 
568 -569 564.5 ! :. 14 a. ,?a92 8.52 5.3 10 
578 -579 574.5 1 1.24 9. !a52 8.46 8.3 18 
560 -589 584.5 1 1.34 8. 1622 8.41 7.8 17 
590 -599 594.5 1 1.44 0.1- 0.35 B 
6B0 -689 684.5 1 1.55 8.12% 0.30 0 

610 6 1 9  614.5 I 1.65 a. 1824 8. 26 4.6 18 
620 -629 624.5 1 1.75 u3. 8868 8.22 8 

630 -639 634.5 I 1.85 a. a715 d. :8 4.0 22 
640 -649 644.5 1 1.36 8. 8588 8. 15 7 .0  47 
656 -659 654.5 I 2.86 a. a473 a. :2 14.8 !17 
666 -563 664.5 I 2. 16 8. 8385 a. l a  6. 8 6 2 
678 -673 674.5 2 .26  a. 031217 a. $6 
680 -689 684.5 2.37 8.8242 d .  $6 
638 -633 634.5 2.47 a. 8183 8. a5 
760 -709 764.5 2. 57 a. 8 :  46 8. 84 

71a -713 714.5 2.67 d . $ l : i  d. IZIS 7 .  a 25i4 
728 -723 724.5 1 2.78 6.8884 0.82 
738 -733 734.5 I 2.88 6 .  a863 a. 82 
746 -743 744.5 1 I?. 38 d. @a47 8. bl. 
750 -753 754.5 I 3. $3  0 . 0 6 3  B. d l  2. a 233 
768 -763 764.5 1 3. 13 d. 6825 8.81 1 .  d 161 ............................................................................................. 
l /  Where Lrn = 453.7 

S = 97.5 



A p p e n d i x  5. W o r k s h e e t  f o r  d e v e l o p m e n t  o f  s e l e c t i v i t y  
c o e f f i c i e n t s  f o r  N o a t a k  R i v e r  c h u m  s a l m o n  
c a p t u r e d  in 1 4 9 - m m  m e s h  gill n e t  in 1984 
( f r o m  B r a n n i a n  1984). 



Develoomnt of selectivity coefflcl*nts for Nortak Rlver chum salmon 
caught ln r 149.3 ma ( 5  7/8 in) mesn set gxllnet. 

1 / 
Mld- L - L m  Ordlnatr Heignt Selectlvltv Catc? 

Length Point I -------- of Normal Coeff~cients C a t c l  kf: usted 

Class (L )  S D~strlbut ion Cclr Select i v l t y  __________-------- -----_---___-------------------------------------------------------------- 
400 -489 4a4.5 1 -2.63 8.0108 8.03 
410 -419 414.5 1 -2.58 8.8142 8. 04 
420 -429 424.5 1 -2.40 8.0184 8.05 
430 -439 434.5 1 -2.38 a. 6236 8. 86 
446 -449 444.5 i -2.28 8.8239 8. 08 
450 -459 454.5 I -2.17 8.8376 6. 89 
466 -469 464.5 1 -2. 07 8.8467 0. 12 
478 -479 474.5 I -1. '37 8.8575 8. 14 
480 -489 484.5 1 -1.87 8.87168 6. 18 
490 -499 494.5 1 -1.76 8.8843 0.21 
500 -509 584.5 1 -1.66 8. 1885 8. 2s 
5 1 ~  -519 514.5 I -1.56 8. 1185 0.38 
528 -529 524. 5 r -1.46 8. 1383 a. 35 
530 -539 534.5 1 -1.35 8. 1538 8. 4P 
540 -549 544.5 1 -1.25 a. 1826 6.46 1 2 
550 -559 554.5 1 - L .  IS 8.3865 8.52 2 4 
560 -569 564.3 I -1.85 8.231 1 8.58 3 s 
578 -579 574.5 I -0.94 8.2559 0.64 10 16 
580 -509 584.5 I -0.84 6. 2803 6.78 14 L>8 
598 -599 594.5 I -8.74 8. 3848 0.76 22 29 
600 -689 684.5 -8.63 0.3261 0.82 42 5 1 
618 -619 614.5 I -0.53 8.3462 0.87 48 46 
628 -629 624.5 1 -8.43 8. 3636 8.91 e? a 3 - 58 
638 -633 634.5 a -a. 33 d. 3782 d .  35 5 3 56 
648 -6*3 644.5 -8.22 8.3836 d. 98 43 5 B 
658 -653 654.5 I -8. 12 8. 3968 d. 39 44 64 
i6@ -563 i64.5 -@. 82 8.3389 ;. 86 4 6 4 6 
67P -679 674.5 'a. 88 a. 3376 :. a6 6 3 4 3 
5a@ -683 684.5 8. !9 8.3321 8. 39 1 5 , E  - 
638 -639 624.5 8.23 a. 3827 6. '36 17 . J  
738 -783 784.5 a. 39 8.3636 a .  93 7 a 
7!d -713 7!4.5 I 8.43 8.3532 a. 83 a 

- 
8.66 8. 8A 720 -723 724.5 I a. 3348 C 

b 

730 -739 734.5 1 3. 78 d .  3126 d .  78 6 3 
748 -749 744.5 1 B. 8B 8.28'35 B. 73 d Z 
758 -753 754.5 1 d. ?a a. 2653 d. 66 1 - 
768 -769 764.5 1 1. 81 '2. i485 3.68 - 
778 -773 774.5 I 

- 
1.1: 8. 2158 d. 54 4 o 

788 -789 784.5 ! 1.21 8.  1316 d. 48 3 i 
- 

_______-_---___-__--------------------------------------------------------------------------- 
1 / m e r e  Lrn = 666.4 

S = 97.5 



A p p e n d i x  6 .  K r u s k a l  - W a l l  i s  o n e - w a y  a n a l y s i s  o f  v a r i a n c e  f o r  
chum s a l m o n  p r o p o r t i o n s  among t h e  t h r e e  t e s t - n e t  
l o c a t i o n s  w i t h i n  t h e  f i v e  s p e c i e s  a p p o r t i o n m e n t  
p e r i o d s .  



Appendix 6. Kruakal-Weilia one-way analy8i8 of variance for 
chum malnon proportion8 amoung the three test 
fish locations within the five periods. 

Ho: there ie no difference amoung chum salmon roportions of 
the three teat fish locationu: north, .out!, and midriver. 

HA: the three locations are not the same with reepect to chum 
salmon proportions. 

Let O( = . 10 
Ranking of proportions by location and species apportionment period. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Worth ----------- South ----------- Hidriver - - - - - - - - - - -  
Period %Chum Rank XChur Rank %Chum Rank . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

- - 

4 23, Ca 3 56.2 9 89.5 15 
5 22.1 2 40.1 6 6 7 . 5  10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Total 2 1 39 60 

Conclusion: Reject Ho in favor of HA 



A p p e n d i x  7 .  N o n p a r a m e t r i c  mu1 t i p 1  e  c o m p a r i s o n  u s i n g  K r u s k a l -  
W a l l i s  r a n k  sums t o  t e s t  f o r  d i f f e r e n c e s  i n  chum 
p r o p o r t i o n s  b e t w e e n  t h e  t h r e e  t e s t - n e t  l o c a t i o n s  
w i t h i n  t h e  f i v e  s p e c i e s  a p p o r t i o n m e n t  p e r i o d s .  





A p p e n d i x  8 .  Summary o f  f i s h  a b u n d a n c e  i n d i c a t o r s  f r o m  t h e  
K o t z e b u e  Sound c o m m e r c i a l  f i s h e r y  a n d  t h e  N o a t a k  
R i v e r  s o n a r  and  t e s t - n e t  p r o j e c t s  i n  1 9 8 4 .  



Corrpwison of d*rrr sa lnan abundmc8 i n d i c a t o r s  from t h o  Kotzebuo Sound eor r rmcra l  f r s h u y  and tho  
and the W t a k  h v u  r o w  and t e s t  flrh p r o j u t s  i n  1384. 

-I--------------------------------------------------------------------------------------------------- 

Awe. CPUE*/ 
0.11 I/ C-1." count b y f / r o s t  ~ l s k ~ / ~ o s t  ~i r h S / ~ o o l  od by con-ere1 .17/ ~ommorcr r l a  ' 
count count ~ e r i  od CPUE CPUE Cum. Per1 od CPUE CPUE Cun. -_--------------------------------------------------------------------------------------------------- 

O f -  l u l  0.6 0.6 
00- Jul 0.4 1.0 
09- kl 1.0 1.7 1.7 
10-.Jul 0.3 1.3 1.7 
1 1 - k l  0.3 1.6 1.7 
12-Jul 0.0 2.4 3.2 4. 9 
13- l u 1  0.9 3.3 4.9 
14- Jul  1.9 5.2 4.9 
15-Jul 3.3 8.5 4.9 
1Ee- Jul  693 693 2.3 10.7 4.6 9.5 
17- Jul 342 1035 5.8 16.6 9.5 
ltl- Ju l  1445 2.1 18.7 9.5 

'09 1843 151- Ju 1 390 7.850 4.4 23.1 7.7 17.2 
2Cl- hrl 996 2839 2.9 26.0 17.2 
21-Jul  1147 3986 2.3 28.4 17.2 
22'-3ul 1338 5323 1.3 29.7 17.2 
221-3ul 2526 7850 5.6 35.2 6.9 24.1 
24-Jul 3482 11331 9.1 44.3 24.1 
2.1-Ju1 3362 14693 12.420 9.0 53.4 24.1 
2 6 - h l  2657 17351 3.4 56.8 11.0 35. 1 
27-3ul 2919 20270 6.1 62.9 35.1 
ZFI-Jul 2030 22301 29.6 92.5 35.1 
29-.Jul 1168 23768 12.2 104.7 35.1 
3CI-3ul 1530 25298 9.7 114.4 3.6 38.7 
31 - kl 1655 26954 14.125 8.0 122.4 30.7 
01 -Rug lb99 28653 0.5 122.9 38.7 
02-Auq 1488 30141 122.9 8.7 47.4 
03-Rug 2805 32946 122.9 47.4 
W-Auq 1450 34396 1.9 124.6 47.4 
05-Rug 781 35177 0.7 125.4 47.4 
O€~-Fhrq 742 35919 3.1 120.4 6.9 54.3 
07-Ruq 1001 36920 128.4 54.3 
IXI-Fhrq 909 37829 128.4 54.3 
El-Hug 225 30055 2.1 130.6 5.3 59.6 
i c r - ~ ~ u g  266 38320 5.2 135.8 59.6 
11 -Rug 190 30511 135.8 59.6 
12'-Fhrq 214 38725 1.7 137.5 59.6 
1:1-~7uq 314 39039 6,971 2.5 140.0 3.8 63.4 
lq-Auq 512 39551 6.7 146.7 63.4 
lIE~-Fiuq 575 40126 3.3 149.9 63.4 
I€*-Huq 367 40494 4.9 154.8 2.2 65.6 
17-&q 91 40585 1.0 155.8 65.6 
1EI-Hug 83 40660 155.8 65.6 
19-&q 280 40948 155.8 65.6 
X ~ - & q  418 41366 155.8 66.6 
21 -Ruq 424 41790 155.8 
22-Ruq 199 41909 0.4 156.2 
23-Huq 172 42161 8.6 164.8 
2'1-Ruq 103 42263 0.3 165.1 
a - A u q  191 42454 0.8 166.0 
2€0-hq 99 42553 0.2 166.2 
27'-Hug 102 42736 166.2 
ZI-Huq 100 42036 2,916 1.1 167.2 
251-Hug 5 1  42087 0.7 167.9 
311-Hug 96 42903 7.4 175.3 
31 -&q 134 43118 6.1 181.5 
01 -5.0 296 43414 4.5 185.9 
&'-Sop 523 43938 
03-5.p 244 44182 ____________-_---_---------------------------------------------------------------------------------- 

LO. 3 

Chum p r o p o r t ~ o n s  by pe r rod  app l rod  t o  d a i l y  sonar counts from tho Nostak R i v r r .  
Cuwulatrvo d r i l y  chum sonar counts from chum p r o  o r t i o n s  by e r ~ o d  on tho Noatak R ive r .  
Noatrk Rxwor sonar counts apportronod t o  chum sa?non and poo!od by apportionment por lod.  
Rvorrge d a r l  y chum CPUE from the  Hoatak R ive r  t o s t n e t  p r o  s e t  us ing nonofi lament 
and ~ u l t i f a l a m o n t  149 mm mesh g r l i  nets.  01 s r r t h  no d.1. r r o  duo t o  h i g h  r a t o r  
o r  heavy d e b r i s  l o a d s  ( t a t e n  f r o "  B i q l r  19e8). 
C u w 1 a t r v ~  w w a  d a i l y  chum CPUE from tho Noatak R ive r  t o s t n e t  project. 
b t a k  RZVK t o s f n o t  p r o j e c t  Chum CPUE poo led by a p p o r t r o n m n t  p e r i o d  d aver 
ktnb D i s t r i c t  (331) comnorciaI  churn CmE b ~ 0 m 0 ~ c l a l  f i s h i n g  (I.D?z.G. 190S) 
C u n u l e t i w  Kotrobu. D i s t r a c t  co-cral chum C#UE by Co-c1.1 f l s  I n p  p r i o d .  



A p p e n d i x  9. M i g r a t o r y  t i m e - d e n s i t y  c a l c u l a t i o n  o f  c h u m  s a l m o n  
m e a n - p a s s a g e  d a t e  in 1984 f r o m  t h e  t h r e e  a b u n d a n c e  
i n d i c a t o r s :  N o a t a k  R i v e r  s o n a r  c h u m  c o u n t s ,  
K o t z e b u e  S o u n d  c o m m e r c i a l  f i s h e r y  c h u m  C P U E ,  and 
N o a t a k  R i v e r  t e s t - n e t  c h u m  C P U E .  



C a l c u l a t i o n  o f  chum s a l m o n  m e a n - d a t e  o f  m i g r a t i o n  u s i n g  
chum s a l m o n  s o n a r  c o u n t s  ( c h u m  p r o p o r t i o n s  by p e r i o d  
a p p l i e d  t o  d . a i l y  s o n a r  c o u n t s )  o n  t h e  N o a t a k  R i v e r ,  1 9 8 4 .  

Date -------- 
16- Jul 
17- Jul 
18- Jul 
19-Jul 
20- Jul 
21 - Jul 
22- Jul 
23- Jul 
24- Jul 
25- Jul 
26- Jul 
27- Jul 
28- Jul 
29- Jul 
30- Jul 
31 - Jul 
01-Aug 
02-Aug 
03-Aug 
04-hug 
05-Aug 
06-Aug 
07-Aug 
08-Aug 
09-Aug 
10-Aug 
11 -hug 
12-Aug 
13-Aug 
14-Aug 
15-Aug 
16-Aua 

Daily Chum 
Count 

, - - - - - - - - - -  

693 
342 
409 
398 
996 

1,147 
1,338 
2,526 
3,482 
3,362 
2,657 
2,919 
2,030 
1,468 
1,530 
1,655 
1,699 
1,488 
2,805 
1,450 
78 1 

Daily 
Proportion 

-----------a 

0.0157 
0,0077 

Coded 
Proportion 

, - - - - - - - - - -  

0.02 
0.02 
0.03 
0.04 
0.11 
0.16 
0.21 
0.46 
0.71 
0.76 
0.66 
0.79 
0.60 
0.47 
0.52 
0.60 
0,65 
0.61 
1.21 
0.66 
0.39 

Cumulative 
Proportion --------------- 

0.02 
0.03 
0.06 
0.10 
0.21 
0.36 
0.58 
1.03 
1.74 
2.50 
3.16 
3.96 
4.56 
5.02 
5.54 
6.14 
6.79 
7.40 



Calculation o f  chum salmon mean-date of migration 
using commercial fishery chum salmon CPUE from the 
Kotzebue District, 1984. 
..................................................................... 

Fiehery Daily Coded Cumulative 
t Date CPUE Proportion Proportion Proportion ..................................................................... 
1 09- Jul 1.7 0.03 0.03 0.03 
2 10-Jul 0.00 0.03 
3 11-Jul 0.00 0.03 
4 12- Jul 3.2 0.05 0.19 0.22 
5 13- Jul 
6 

0.00 0.22 
14- Jul 

7 
0.00 0.22 

15-Jul 
8 

0.00 0.22 
16- Jul 

9 
4.6 0.07 0.55 

17-Jul 
0.77 

0.00 
10 

0.77 
18- Jul 0.00 

11 
0.77 

19- Jul 7.7 0.12 1.27 2.04 
12 20- Jul 
13 

0.00 
21 - Jul 2.04 

14 
0.00 2.04 

22- Jul 0.00 
15 

2.04 
23- Jul 6.9 0.10 1.55 3.60 

16 24- Jul 
17 

0.00 3.60 
25- Jul 

18 
0.00 3.60 

26- Jul 11.0 0.17 2.97 
19 

6.57 
27- Jul 

20 
0.00 6.57 

28- Jul 
2 1 29- Jul 

0.00 6.57 

22 
0.00 6.57 

30- Jul 3.6 r 0.05 1.19 
23 

7.76 
31 - Jul 

24 
0.00 7.76 

25 
01-Aug 0.00 
02-Aug 

7.76 
8.7 0.13 3.27 

26 03-Aug 0.00 11.02 
27 04-Aug 11.02 
28 

0.00 11.02 

29 
05- Aug 
06-Aug 

0.00 
6.9 

11.02 
0.10 3.00 

30 
14.03 

07 - Aug 0.00 
3 1 

14.03 
08 - Aug 0.00 

32 
14.03 

09-Aug 
33 

5.3 0.08 2.55 
LO- Aug 

16.58 
0.00 

34 
16.58 

11-Aug 0.00 16.58 
35 12-Aug 0.00 16.58 
36 13-Aug 3.8 0.06 2.05 
37 14-Aug 

18.63 
0.00 18.63 

38 15-Aug 0.00 18.63 
39 16-Aug 2.2 0.03 1.29 
40 

19.92 
17-Aug 

4 1 
0.00 

18-Aug 
f 9.92 

0.00 19.92 
42 19-Aug 0.00 19.92 
43 20-Aug 1.0 0.02 0.65 20.56 

----*---------------------------------------------------------------- 

Totals 66.60 1.00 20.56 ..................................................................... 
r denotes lor fishing effort and poor fishing due to bad weather. 
(A. D. F. & G. 1985) 



Calculation of chum salmon mean-date of migration 
using test-fish CPUE from 149-mm mesh gill nets 
on the Noatak River in 1984. 

Dail Chum Dail Coded Cumulative 
t Date C ~ U E  proporeion Proportion Proportion ..................................................................... 
1 07- Jul 0.6 0.0028 0.00 0.00 
2 08- Jul 0.4 0.0019 0.00 0.01 
3 09- Jul 0.4 0.0018 0.01 0.01 
4 10- Jul 0.3 0.0016 0.01 0.02 
5 11-Jul 
6 12- Jul 
7 13-Jul 
8 14- Jul 
9 15-Jul 
10 16- Jul 
11 17- Jul 
12 18- Jul 
13 19- Jul 
14 20- Jul 
15 21-Jul 
16 22- Jul 
17 23-Jul 
18 24- Jul 
19 25- Jul 
20 26- Jul 
2 1 27- Jul 
22 28- Jul 
23 29- Jul 
24 30- Jul 
25 31 - Jul 
26 01-Aug 
27 02-Aug 
28 03 - Aug 
29 04-Aug 

05- Aug 
31 30 06-Aug 
32 07-Aua 

..................................................................... 
Totals 200.66 1.00 28.19 ..................................................................... 

denotes days of no fishing. Values were interpolated in 
a linear manner from adjacent days. 



A p p e n d i x  10. S u m m a r y  o f  d a i l y  and c u m u l a t i v e  d a i l y  s o n a r  
c o u n t s  by l o c a t i o n  on t h e  N o a t a k  R i v e r ,  1984. 



Summary of daily and cumulative daily sonar count8 by 
location on the Noatrk River, 1984. 

Date .---------- 
16-Jul 
17-Jul 
18-Jul 
19- Jul 
20-Jul 
21- Jul 
22-Jul 
23- Jul 
24-Jul 
25- Jul 
26-Jul 
29- Jul 
28- Ju1 

30-JU~ 
31 - Jul 
01-Aug 
02-Aug 
03-Aug 
04- Aug 
05-Aug 
06-Aug 
07-Aug 
08-Aug 
09-Aug 
10- Aug 
11-Aug 
12-Aug 
13-Aug 
14-Aug 
15-Aug 
16-Aug 
17-Aug 
18-Aug 
19-Aug 
20-Aug 
21 -Aug 
22-Aug 
23-Aug 
24-Aug 
25-Aug 
26-Aug 
27-Aug 
28-Aug 
29-Aug 
30-Aug 
31-Aug 
01-Sep 
02-Sen 

---------------  
North Bank ------------- 

Daily Cumulati --------------- 
1,394 1,394 
633 2,026 
672 2,699 
421 3,120 

1,703 4,823 
1,848 6,671 
2,120 8,791 
5,588 14,379 
6,288 20,667 
4,899 25,566 
6,051 31,617 
5.818 37.435 

----------- 
Sou t ----- 

ve Daily ----------- 
475 
396 
645 

1,336 
1,771 
2,125 
2,434 
1.004 

,h Bank 
, - - - - - - - -  

Cumulative 
, - - - - - - - - - - - -  

Hidriver ------------- 
Daily Cumulative ------------------- 
123 123 
57 180 
84 264 
57 321 



A p p e n d i x  1 1 .  L e n g t h  f r e q u e n c y  h i s t o g r a m s  o f  f i s h  c a u g h t  in 
m o n o f i l a m e n t  gill n e t s  i n  t h e  N o a t a k  R i v e r ,  1984. 



304.5 404.5 504.5 604.5 704.5 804.5 

Length Class Midpoint (mm) 

L e n g t h  f r e q u e n c y  h i s t o g r a m  f o r  chum s a l m o n  c a p t u r e d  i n  149-mm 
mesh  m o n o f i l a m e n t  g i l l  n e t s  i n  t h e  N o a t a k  R i v e r  i n  1 9 8 4 .  



304.5 404.5 504.5 604.5 704.5 804.5 

Length Class Midpoint (mm) 

Length 'frequency histogram for chum salmon captured in 1 0 2 - m m  
mesh monofilament gill nets in the Noatak River in 1984. 



Length Class Midpoint (mm) 

Length frequency histogram f o r  artic c h a r  c a p t u r e d  in 
149-mm mesh monofilament gill nets, N o a t a k  River, 1984. 



304.5 404.5 504.5 604.5 704.5 804.5 

Length Class Midpoint (mm) 

Length f r e q u e n c y  histogram f o r  artic c h a r  c a p t u r e d  in 
1 0 2 - m m  mesh monofilament gill nets, N o a t a k  River, 1984. 



Length C l a s s  Midpoint (mm) 

L e n g t h  f r e q u e n c y  h i s t o g r a m  f o r  p i n k  s a l m o n  c a p t u r e d  i n  
102-mm mesh m o n o f i l a m e n t  g i l l  n e t s ,  N o a t a k  R i v e r ,  1984 .  



304.5 404.5 504.5 604.5 704.5 804.5 

Length Class Midpoint (mm) 

L e n g t h  f r e q u e n c y  h i s t o g r a m  f o r  w h i t e f i s h  c a p t u r e d  i n  
1 0 2 - m m  m e s h  m o n o f i l a m e n t  gill n e t s ,  N o a t a k  R i v e r ,  1984. 



 

 

The Alaska Department of Fish and Game administers all programs and activities free from discrimination 
based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or disability. 
The department administers all programs and activities in compliance with Title VI of the Civil Rights Act 
of 1964, Section 504 of the Rehabilitation Act of 1973, Title II of the Americans with Disabilities Act of 
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972. 
  
If you believe you have been discriminated against in any program, activity, or facility, or if you desire 
further information please write to ADF&G, P.O. Box 25526, Juneau, AK 99802-5526; U.S. Fish and 
Wildlife Service, 4040 N. Fairfax Drive, Suite 300 Webb, Arlington, VA 22203 or O.E.O., U.S. 
Department of the Interior, Washington DC 20240. 
 
For information on alternative formats for this and other department publications, please contact the 
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078. 
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